Tiger beetles are an important insect group in Sri Lanka due to their high species richness and endemicity. The present study investigated the distribution of tiger beetle species populations in Sri Lanka and history of species populations. Distribution was studied by conducting extensive field work that recorded the locations, habitat types and habitat preferences of tiger beetle species. DNA sequence data of three mitochondrial genes were used to study the history of species populations. The genetic indices: haplotype diversity, nucleotide diversity and Tajima's D statistic were computed using DNA sequence data. The study revealed the distribution of ten tiger beetle species of Sri Lanka and their habitat types. According to genetic indices the tiger beetles of Sri Lanka are single species populations that consist of subpopulations distributed in locations that are not separated by major geographical barriers. There is a high probability that all species are experiencing population expansion after either habitat displacement by other tiger beetle species, expansion of suitable new habitats and natural disasters.
INTRODUCTION
Sri Lanka is an island with unique assemblages of plant and animal communities and endemic species, and therefore recognized as a biodiversity hotspot of global and national importance (Bossuyt et al., 2004; Pethiyagoda, 2005) . The insect fauna of Sri Lanka represents a large part of it's biodiversity and amounts to 53% of the total species diversity of the island (Wijesekara and Wijesinghe, 2003) . However, insects are rarely included in accounts of biodiversity in Sri Lanka, and even when they are included, only a few well known groups such as the butterflies, dragonflies, mayflies, mosquitoes, carabid and blister beetles are featured in such analyses. The reason for this is the lack of information on Sri Lankan insects due to the inadequacy of studies and the lack of an active national insect study and curation programme.
Tiger beetles (Coleoptera, Cicindelidae) have been reported from Sri Lanka since 1860 (Tennent, 1860) and existing literature (Horn, 1904; Fowler, 1912; Naviaux, 1984; Acciavatti and Pearson, 1989) , and collections available at the National Museum of Colombo, Sri Lanka and British Natural History Museum of London have documented 59 species from the island. Sixty-six percent of these documented species are endemic and Sri Lanka has been ranked amongst the top thirty countries of the world with the highest rates of endemism for tiger beetles and as an area of high species richness for this group (Cassola and Pearson, 2000) . However, studies on this important insect group tends to be extremely inadequate and information on current species diversity, geographical distributions of species and populations, evolutionary origins and history of populations and species are unknown.
At present, the ability to obtain DNA sequence information from individuals is used to identify and revise species, and access to increasingly powerful computers with sophisticated software has facilitated studies on the demographic history and evolutionary relationships of species. Thus, certain molecular studies on identifying and resolving phylogenetic postion of fish (Dammannagoda et al., 2011; Nguyen et al., 2008) , amphibians (Delorme et al., 2004; Hewitt, 2004) , birds (Silva et al., 2009) and mammals (Fernando et al., 2000; Samaraweera et al., 2011) has been carried out in Sri Lanka. However, molecular studies on the insects of Sri Lanka are rare with the exception of a few carried out on insect vectors responsible for mosquito-borne diseases (Hemingway et al., 1998; Surendran et al., 2006) . Therefore, a molecular study was conducted by us on the tiger beetles of Sri Lanka using information of three gene regions of the mitochondrial DNA genome. The study led to the initiation of construction of a sequence database for the tiger beetles of Sri Lanka from which sequence information was submitted to Genbank for future studies. Further, geographical distributions of tiger beetle species and their populations were investigated and the most basal haplotype of each species was derived. Haplotype diversities, nucleotide diversities and Tajima's D statistic was used to address certain aspects of the evolutionary history of species populations.
MATERIALS AND METHODS

Sampling of Taxa, Collection and Identification
Ninety-four locations in Sri Lanka were surveyed for tiger beetles during 2002 to 2006. When tiger beetles were encountered, a sample of 1 to 7 beetles were collected from each location using a standard insect net and transferred into a vial containing 96% ethyl alcohol. Collected specimens were morphologically examined and identified using taxonomic keys for the Cicindela of the Indian subcontinent (Acciavatti and Pearson, 1989) , and descriptions of Horn (1904) and Fowler (1912) . Identifications were further confirmed by comparisons with reference specimens at the Department of National Museums, Sri Lanka and the British Natural History Museum, London, United Kingdom. Taxonomic names of species with the present nomenclatural changes are based on Wiesner 1992, except for the use of Calomera instead of Lophyridia which is based on Lorenz, 1998.
Molecular Biological Procedures
DNA was extracted from whole beetles using the Qiagen DNeasy Tissue Extraction kit (Qiagen Inc., Valencia, California) which yields DNA fragments of length 50,000 kb and shorter. Three regions of the mitochondrial genome, coding for Cytochrome Oxidase I (COI), 774 bp; Cytochrome b (Cyt B), 356 bp and 16SrRNA, 827 bp were polymerase chain reaction (PCR) amplified. The fragments were amplified using the following primers: M202 (5'-CAACATTTATTTTGATTTTTTGG-3') and M70 (5'-TCCATTGCACTAATCTGCCATATTA-3') for CO1 region, CB3 (5'-GAGGAGCAACTGTAATTACTAA-3') and CB4 (5'-ATTCAACCTGAATGATACTTTTCTTTT-3') for CytB region, M14 (5'-CGCCTGTTTATC-3') and M223 (5'-GGTCCCTTACGAATTTG AATATATCCT-3') for 16SrRNA region. PCR conditions were as follows: 2 min. at 94°C followed by 35-40 cycles of denaturation at 94°C for 30s, annealing at 40-45°C for 30s and extension at 72°C for 1 min., with a final extension step at 72°C for 10 min. PCR products were purified using the Millipore Multiscreen 96-well plates (Millipore, Billerica) and were sequenced in both directions using ABI PRISMTM 3700 DNA Analyser (Applied Biosystems).
Genetic Diversity of Tiger Beetle populations
A total of 96 tiger beetle sequences from Sri Lanka were used for the molecular analyses. Sequences were manually edited and data from all three regions of the mitochondrial genome were combined and aligned using ClustalW of MEGA version 5.05.
Genetic diversity was estimated for seven tiger beetle species that consisted of two or more geographically distinct populations. Genetic diversity within the populations of tiger beetle species were estimated by computing haplotype diversity (Hd) and nucleotide diversity (Pi). Haplotype diversity represents the probability that two randomly sampled alleles are different, while nucleotide diversity is defined as the average number of nucleotide differences per site in pairwise comparisons among DNA sequences. Both parameters were calculated using the program DnaSP version 4.50 (Rozas et al., 2003 were considered to illustrate population expansion in species. To describe the phylogeographic structure and genetic relationships between haplotypes, haplotype networks were computed using HapStar version 0.5. The networks were subsequently drawn by hand.
RESULTS
Sampling of Taxa, Collection and Identification
Ten species of tiger beetles were recorded from 37 locations of Sri Lanka in coastal, reservoir, riverine and urban habitats ( Fig. 1 (Table 1) .
Basic sequence information
The data matrix included 96 newly sequenced tiger beetle specimens from Sri Lanka. COI fragment was amplified and sequenced successfully from all specimens, CytB fragment was amplified and sequenced successfully from 93 specimens and 16SrRNA was amplified and sequenced successfully from 85 specimens. All sequences were submitted to Genbank (Appendix 1).
Genetic Diversity of Tiger Beetle populations
Genetic diversity was calculated for seven tiger beetle species using aligned mitochondrial DNA sequences ( Table 2 ). The seven tiger beetle species that consisted of two or more populations displayed high haplotype diversity (Hd) ranging between 0.6667 for Cylindera (Ifasina) waterhousei and 1.000 for Myriochila (Monelica) fastidiosa. In contrast, nucleotide diversity was relatively low ranging between 0.00131 for Cylindera (Ifasina) waterhousei and 0.01173 for Myriochila (Monelica) fastidiosa (Table 2 ). High haplotype diversity was due to the large number of single-copy mtDNA haplotypes or singletons. The number of singletons increased as the total number of haplotypes increased (Fig. 2) . The seven haplotype networks (Fig. 3) constructed for the tiger beetle species clearly reflected the results of the diversity indices. All geographical populations of Myriochila (Monelica) fastidiosa consisted of unique haplotypes or singletons (Fig.  3B) , whereas, all other species possessed a haplotype shared with at least one other geographical population or was a doubleton.
The haplotype networks for individual species revealed no evidence of phylogeographic structure, and for all species with the exception of Myriochila (Monelica) fastidiosa common haplotypes were found that were not restricted geographically (Fig. 3 ).
Tajima's D statistic was negative for the populations of four tiger beetle species, Lophyra (Lophyra) catena, Myriochila (Monelica) fastidiosa, Cylindera (Ifasina) labioaenea and Calomera angulata. However, the negative values were not significant under coalescent simulations (Table 2 ). Tajima's D value calculated for the separate genes, CO1, CytB, 16SrRNA, were also negative and Tajima's D value for synonymous sites were negative with the exception of the positive value for 16SrRNA gene of Cylindera (Ifasina) labioaenea. When considering Tajima's D ratio, all species illustrated a combination of ratios less than 1.0 and more than 1.0 for the different gene regions (Table 3 ). Tajima's D statistic was positive for the populations of three species, Hypaetha biramosa, Cylindera (Ifasina) willeyi and Cylindera (Ifasina) waterhousei (Table  2) .
DISCUSSION
When considering the distribution of tiger beetle species populations, we found that spatial patterns in haplotype distribution were absent and that neither similar nor rare haplotypes clustered geographically (Fig. 3) . Such random associations of haplotypes with geographical location can arise due to many reasons. According to Gold and Richardson (1998) When a population expands into or colonizes a new geographical area, genetic homogeneity could be created within the recently colonized area (Templeton et al., 1995) . Furthermore, old haplotypes are expected to be geographically widespread than their derived, less-common relatives as young haplotypes have a reduced chance of being part of dispersal events (Fry and Zink, 1998) . Therefore, the tiger beetle species of Sri Lanka maybe single populations consisting of subpopulations located in continuous habitats.
The tiger beetle species investigated in our study revealed high haplotype diversities and low nucleotide diversities ( Table 2 ). The combination of high haplotype diversity and low nucleotide diversity, as observed in our data, can be a signature of a rapid population expansion from a small effective population size (de Jong et al., 2011) . Tajima's D statistic can be used to determine the accuracy of the above suggestion. Tajima's D generates a negative value when there is an excess of low frequency polymorphisms than expected and suggests populations to be recently expanding or subjected to positive selection. Significantly negative values for Tajima's D calculated for synonymous sites, together with a Tajima's D ratio of less than 1.0 for non-synonymous sites/ synonymous sites indicates population expansion, while a ratio of more than 1.0 may favour positive selection. Tajima's D statistic generates a positive value when there are fewer than expected low frequency polymorphisms which results in population reduction, population subdivision, a recent bottleneck, migration or balancing selection (Schmidt and Pool, 2002; de Jong et al., 2011) .
Calomera angulata
Calomera angulata consisted of 11 haplotypes of which 9 were singletons. The combination of high haplotype diversity with low nucleotide diversity, lack of phylogeographical structuring, high proportion of singleton haplotypes and negative value for Tajima's D statistic indicates the possibility of a recent population expansion for the species (Fig. 3F, Table 2 ).
Calomera angulata currently occupies one riverine and 9 reservoir habitats located in the NorthCentral, North-Western and Central provinces of the country (Dangalle et al., 2012a) . However, Calomera angulata is considered as a coastal tiger beetle in Japan (Satoh and Hori, 2004, Satoh et al., 2004) and has been reported from riverine habitats of India (Wiesner, 1975; Ganeshaiah and Belavadi, 1986) . The British Natural History Museum of London houses specimens of Calomera angulata collected from the coastal area of Yala National Park in the Southern province of Sri Lanka, and the collections at the National Museum of Colombo has specimens collected from the coasts of Eastern and Northern shores (Mannar, Pesalai and Talaimannar) of the country. The present study reveals that the coastal ecosystems of the country are mostly inhabited by Hypaetha biramosa. Therefore, it is possible that Calomera angulata may have occupied coastal habitats of the island previously and may have been displaced to the reservoir habitats by Hypaetha biramosa. Therefore, Calomera angulata of the reservoir habitats maybe a more recent radiation that has experienced recent population expansion. Eventhough, the overall negative values resulting from Tajima's D value for combined sequences, Tajima's D for separate genes, Tajima's D for synonymous sites justifies this possibility further analysis using nuclear genes would provide a more complete perspective.
Due to the similar climatic and soil conditions of the current habitats (Dangalle et al., 2012b) , lack of major geographical barriers and close proximity of the locations to each other, Calomera angulata may occur as a single population of tiger beetles consisting of subpopulations with multiple haplotypes. Haplotype 2, which is geographically widespread can be considered as the basal haplotype from which the other haplotypes have arisen (Fig. 3F) .
Lophyra
(Lophyra) catena, Myriochila (Monelica) fastidiosa, Cylindera (Ifasina) labioaenea Lophyra (Lophyra) catena was found in five locations of which four were located on the western coast of the country ( Fig. 1 and Table 1 ). Haplotype 1, which was distributed in these four locations can be considered as the basal haplotype of the species (Fig. 3A) . However, a unique haplotype (haplotype 2) was found at Devahuwa wewa, a reservoir habitat in the central part of the country (Fig. 3A) . Our data suggests that Lophyra (Lophyra) catena may be a tiger beetle population on the western coast of Sri Lanka that is expanding rapidly and exploiting more locations and other habitat types.
Lophyra (Lophyra) catena displayed a high haplotype diversity (Table 2) , low nucleotide diversity (Table 2) , lack of phylogeographical structuring (Fig. 3A) , and a negative value for Tajima's D statistic and Tajima's D value for synonymous sites (Tables 2 and 3) that indicated the possibility of population expansion. However, Tajima's D value was not significantly negative and values calculated for synonymous sites of the separate genes, CO1, CytB, 16SrRNA, were also not significantly negative (Table 3) . When considering the Tajima's D ratio between nonsynonymous and synonymous sites, a ratio less than 1.0 was revealed for CytB gene indicating population expansion. However, the ratio for CO1 gene was 1.0 and approximately 1.0 for 16SrNA (Table 3) , suggesting the possibility of neutral evolution. Overall the negative values resulting from the tests indicate that there is an excess of rare mutations in the populations, which can imply recent population expansion. However, an analysis using neutral nuclear DNA markers could give a more complete perspective on the population structure of the species.
When considering Myriochila (Monelica) fastidiosa, the species consisted entirely of singleton haplotypes which were distributed in three reservoir habitats (Fig. 3B ). This lack of phylogeographical structuring, high haplotype diversity, low nucleotide diversity (Table 2) , negative values for Tajima's D statistic and Tajima's D value for synonymous sites and NonSyn / Syn Tajima's D ratios less than 1.0 (Tables 2  and 3 ) indicated the possibility of recent population expansion. However, similar to Lophyra (Lophyra) catena, Tajima's D values lacked significance and Tajima's D ratio for CytB was higher than 1.0 which was an indication that the sequences might be evolving under positive selection.
Cylindera (Ifasina) labioaenea also displayed high haplotype diversity, low nucleotide diversity (Table  2) , lack of phylogeographical structuring (Fig. 3C ) and a negative value for Tajima's D statistic ( Table  2 ) that indicated the possibility of recent population expansion. However, contradictory values were obtained for Tajima's D for synonymous sites and Tajima's D ratio, when using different genes (Table  3) , suggesting the need of further analysis using nuclear genes.
Hypaetha biramosa
Hypaetha biramosa was restricted entirely to the coastal habitats of the country and lacked phylogeographical structuring. The combination of high haplotype diversity with low nucleotide diversity indicated that the populations of the species were expanding. However, Tajima's D statistic was positive for the species and implied population reduction, subdivision, migration or a bottleneck effect. Coastal tiger beetle populations may frequently experience bottlenecks caused by natural disasters such as storms or tsunami (Satoh et al., 2004) .
However, specimens of Hypaetha biramosa were collected in 2003, prior to the 2004 tsunami which affected these coastal areas of Sri Lanka. Therefore, we can assume that Hypaetha biramosa experienced a bottleneck effect due to storms or some other factors and expanded after the conditions became favourable. Cylindera (Ifasina) willeyi and Cylindera (Ifasina) waterhousei These are endemic tiger beetles restricted to the wet zone of Sri Lanka. These species displayed high haplotype diversity, low nucleotide diversity, lack of phylogeographic structure and a positive value for Tajima's D statistic that implied population reduction, subdivision, migration or a bottleneck effect prior to population expansion.
Cylindera (Ifasina) willeyi has been recorded from the Central Province of Sri Lanka and from Labugama in the Western Province (Horn, 1904; Fowler, 1912; Acciavatti and Pearson, 1989) . Investigations of the present study confirms the absence of the species from it's previous localities, and shows it's presence from Maha Oya, Dehi Owita (Sabaragamuwa Province) and Handapangoda (Western Province) from which they had not been previously recorded. According to Dangalle et al. (2011a) human activities and development pressures on the previous habitats of Cylindera (Ifasina) willeyi has resulted a 99.5% decline in the distributional range of the species. Due to this Cylindera (Ifasina) willeyi may have migrated to the new habitats or may have experienced a bottle neck effect. The favourable climate and soil conditions of the currently occupied habitats (Dangalle et al., 2011a) may generate a population expansion.
Cylindera (Ifasina) waterhousei has been previously recorded from Labugama and Avissawella of the Western Province of Sri Lanka and Kitulgala and Karawanella of the Sabaragamuwa Province (Naviaux, 1984; Acciavatti and Pearson, 1989) . Currently the species is absent from these locations and occupies Handapangoda of the Western Province and Bopath Ella of the Sabaragamuwa Province. The presence of other tiger beetle species, Cylindera (Ifasina) willeyi and Cylindera (Ifasina) labioaenea, in the previously recorded locations of Cylindera (Ifasina) waterhousei, that may compete for food, thermal resources, oviposition sites and larval resources, is a possible cause for Cylindera (Ifasina) waterhousei to have become locally displaced from its previous locations (Dangalle et al., 2011b) . According to the present study Cylindera (Ifasina) waterhousei may have undergone migration and is experiencing population expansion in it's new locations.
Thus, our results did not indicate geographical population structure amongst the tiger beetle species of Sri Lanka. Genetic indices and Tajima's D test that we used to assess signatures of recent historical demographic events suggested recent population expansion for certain species and migration and bottleneck effects followed by population expansion for certain species. However, Tajima's D test was not significant and suggested that an analysis including additional neutral DNA markers could give a more complete perspective on the neutral population structure of the populations.
The tiger beetle species that were studied consisted of mtDNA haplotypes of which the majority were singletons. Recent reviews suggest that in tropical arthropod samples, 30% of all species are singletons with additional sampling helping little with eliminating rarity (Lim et al., 2011) . In our study 53% of the tiger beetle specimens were singletons and the number of singleton haplotypes increased with the number of total haplotypes (Fig.  2) . Therefore, existing and future techniques for tiger beetle sampling needs to be modified to accommodate how rare species can be discovered and treated. 
